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Abstract : A new architecture of CMOS low voltage downconversion mixer is p resented. With 11452 GHz LO input

and 1145 GHz RF input ,simulation result s show that the conversion gain is 15dB ,IIP3 is - 415dBm ,N F is 17dB ,the

maximum transient power dissipation is 913mW ,and DC power dissipation is 912mW. The mixer’s noise and lineari2
ty analyses are also presented.
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1 　Introduction

In recent years ,low voltage has become a tar2
get in most digital and analog integrated circuit ap2
plications. The most commonly used CMOS mixer

topology is Gilbert mixer [1 ] . It has stacked st ruc2
t ure ,which limit s it s use in low supply voltage ap2
plications . Recently ,a lot of effort s have been spent

on t he develop ment of low2voltage CMOS RF mix2
ers. In Ref s. [ 2 ,3 ] ,t he p resented mixer avoids the

stacking of t ransistors ; t radeoff is that it suffers

f rom a lower conversion gain for a given power . In

Ref . [ 4 ] ,MOS t ransistor is used as a four2terminal

device ,RF and LO signals are applied to t he gate

and t he back gate while t he mixing product is ex2
t racted f rom t he drain ; t his kind of mixer can be

working on a low supply voltage ,but it is difficult

to p redict t he mixer performance due to t he lack of

adequate model for t he t ransistor in such working

mode. In Ref . [ 5 ] ,L C tanks are used in t he mixer

to achieve low voltage operation , but in CMOS

technology , Q2value of t he spiral inductor is rela2
tively low ,and t he inductor occupies a lot of chip s

space.

In this paper , a high gain downconversion

CMOS mixer wit h low supply voltage is p resented ;

t he topology of the mixer has never been reported

previously. This new mixer does not need induc2
tors ,so it is relatively easy to fabricate.

2 　Architecture of proposed mixer

Figure 1 shows the basic operating principle of

t he mixer . In this mixer core , t ransistor M1 is

working in t he t riode region , t ransistor M2 is

working in the sat uration region , t he current flow

t hrough M1 and M2 is equal ,so t hat
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Fig. 1 　Basic operating principle of the proposed mixer

V Tn and V Tp are t he t hreshold voltage of M2 and

M1 ,μn and μp are t he mobilities of charge carriers

of NMOS and PMOS t ransistors ,W , L ,and Cox re2
present t he t ransistor’s widt h ,lengt h ,and gate ca2
pacitance per unit area ,respectively ,V B1 and V B2 are

DC bias voltages. The bias voltage and t he aspect

ratio of t ransistors are selected to guarantee
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The last term in Eq. (4) is p roportional to vRF vLO ;

t his term can be used to achieve mixing.

Figure 2 is t he complete schematic diagram of

t he proposed mixer ,it has four sections : section 1 is

composed of M1 ,M2 ,MM1 ,and MM2 ; section 2 is

composed of M3 ,M4 ,MM3 ,and MM4 ; section 3 is

composed of M5 ,M6 ,MM5 ,and MM6 ;and section

4 is composed of M7 , M8 , MM7 , and MM8. The

f unctions of t he four sections are equal ; each sec2
tion consist s of a mixer core (for example M1 and

M2) and an outp ut t ransconductance stage (for ex2
ample MM1 and MM2 ,which are used to convert

t he outp ut voltage of t he mixer core into current) .

Transistors ML1 and ML2 have equal sizes. They

are used to add t he outp ut t ransconductance sta2
ges’outp ut current and convert t he added current

into voltage. V out is t he outp ut voltage of the mix2
er . The balanced st ruct ure is chosen to reduce t he

feed t hrough of LO and RF signals.

The commonly used active mixer ,such as Gil2
bert mixer , is to achieve mixing t hrough current ,

and it has a t ransconductance stage ,which convert s

t he RF inp ut voltage into current , t he LO signal

switches t he current s on and off , t he outp ut cur2
rent s contains the mixing terms and are converted

into voltage by using t ransistors or resistances as

load. This kind of mixer has a p rocedure of conver2
ting voltage into current and t hen converting t he

current back into voltage ,so t he st ruct ure are com2
plex and usually has stacked t ransistors. In t his pa2
per ,first t he RF inp ut voltage is converted into

current whose value is p roportional to RF inp ut

voltage , t hen t his current flows t hrough LO con2
t rolled load ,t he resistance of t his load has a term

which is p roportional to t he LO voltage ,so t he out2
p ut voltage has t he mixing term. This kind of mix2
ing procedure is rat her simple ; t he mixer core only

has two t ransistors , t hus can be working in low

supply voltage. The supply voltage can be adjusted

lower depending on t he system requirement s.
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Fig. 2 　Complete schematic diagram of the mixer

3 　Mixer noise and l inearity analysis

The design of t he mixer requires a compro2
mise ,and t he performance parameters of the mixer

should be caref ully specified for different applica2
tions. In this paper ,t he mixer is designed wit h high

gain and low operating voltage , moderate N F

(noise figure) ,and IIP3 (inp ut referred t hird2order

intercept point) .

The noise cont ribution of each t ransistor of

t he p ropo sed mixer can be simulated and calculated

by Cadence Spect reRF. This mixer is a low IF

downconversion mixer ,and the t hermal noise is the

p rimary noise source.

I2
d ( f ) rep resent s t he t hermal noise current in

t he drain due to the channel resistance. If t he t ran2
sistor operates in t he t riode region ,

I2
d ( f ) =

4 k T
rds

(5)

Where rds is t he channel resistance[6 ] .

For the long2channel t ransistor working in the

sat uration region[ 6 ] ,

I2
d ( f ) = 4 k Tγgm (6)

The coefficient γ is derived to be equal to 2/ 3 for

long2channel t ransistors and may be needed to be

replaced by a larger value for submicron MOS2
FETs.

Transistors M1 ,M3 ,M5 ,and M7 are working

in t he t riode region ; t heir noise can be reduced by

increasing their lengths. Simulation result s show

t hat t ransistors M2 ,M4 ,M6 ,and M8 cont ribute to

most of t he noise. As they are working in sat ura2
tion region ,the t ransconductance of t hem should be

large enough to minimize t heir equivalent noise

voltage at t he circuit inp ut . Af ter adjusting t he pa2
rameter value of t he mixer , simulation shows t hat

it has a N F of 17dB.

Linearity is an important consideration in mix2
er design ,f rom Eqs. (1～4) ,it can be seen t hat to

achieve high linearity , t he condition of Eq. (4)

must be satisfied. The linearity of t he mixer is also

determined by t he linearity of mixer core and out2
p ut t ransconductance stage. The linearity of t he

mixer core is determined by t he lower MOS t ran2
sistor in the mixer core , which is t he RF inp ut

t ransconductance stage. Transconductance linearity

can be improved by increasing t he gate overdrive

voltage ,but increasing t he gate overdrive will in2
crease power consumption. To increase t he linearity

of t he outp ut t ransconductance stage ,t he aspect ra2
tio of t he two t ransistors of t he t ransconductance

stage is caref ully chosen to cancel t he nonlinear

terms.

4 　Simulation results

The mixer circuit is simulated using Cadence

Spect reRF based on Dongbu 0125μm CMOS

process . The simulation result of t his mixer is sum2
marized in Table 1. It is a low supply voltage high

gain mixer , wit h moderate IIP3 and N F. The f re2
quency of RF signal is 11452 GHz ; LO signal f re2
quency is 1145 GHz ;t his is because t he mixer is de2
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signed for L2band DAB applications.

Table 1 　Mixer performance

Supply voltage 2V

DC power dissipation 91 2mW

Maximum transient power dissipation 91 3mW

Conversion gain 15dB

IIP3 - 41 5dBm

N F 17dB

LO frequency 11 45 GHz

RF frequency 11452 GHz

LO amplitude 0dBm

Technology Dongbu 01 25μm

5 　Conclusion

In t his paper , a new CMOS RF downconver2
sion mixer is p resented. The mixer first convert s

t he RF inp ut voltage signal into current , t hen this

current flows t hrough a t ransistor working in the

t riode region whose resistance is modulated by the

LO signal . This kind of mixer can work in a rela2
tively low supply voltage.

This mixer achieved a simulated conversion

gain of 15dB , IIP3 of - 415dBm ,and N F of 17dB ,

with a DC power consumption of 912mW f rom a

single 2V supply.
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一种新的射频 CMOS 混频器结构 3
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摘要 : 提出了一种低电压高增益 CMOS 下变频混频器的新结构. 这个结构避免了堆叠晶体管 ,因此可以在低电压

下工作. 在 LO 信号的频率为 11452 GHz , RF 信号频率为 1145 GHz 的情况下 ,仿真结果表明 :混频器的增益为

15dB ,IIP3 为 - 415dBm ,N F 为 17dB ,最大瞬态功耗为 913mW ,直流功耗为 912mW. 并对该混频器的噪声特性和线

性度进行了分析.

关键词 : 下变频混频器 ; CMOS 工艺 ; 噪声和线性度分析

EEACC : 1250

中图分类号 : TN432 　　　文献标识码 : A 　　　文章编号 : 025324177 (2005) 0520877204

3 国家自然科学基金 (批准号 :60475018 ,60372021)和国家重点基础研究发展计划 (批准号 : G2000036508)资助项目

　刘　璐　女 ,博士研究生 ,研究方向为模拟电路及射频前端电路设计.

　王志华　男 ,教授 ,研究方向包括 CMOS 模拟、数模混合及射频集成电路技术 ,通信专用集成电路设计 ,数字音频及视频信号处理及专用集

成电路和电子系统集成及片上系统.

　2004210211 收到 ,2004212206 定稿 ν 2005 中国电子学会

088


